The online-only Data Supplement is available at http://circgenetics.ahajournals.org/lookup/suppl/Background-Carotid intima-media thickness (cIMT) is a widely accepted marker of subclinical atherosclerosis. To date, large-scale investigations of genetic determinants of cIMT are sparse. Methods and Results-To identify cIMT-associated genes and genetic variants, a discovery analysis using the Illumina 200K CardioMetabochip was conducted in 3430 subjects with detailed ultrasonographic determinations of cIMT from the IMPROVE (Carotid Intima Media Thickness [IMT] and IMT-Progression as Predictors of Vascular Events in a High Risk European Population) study. Segment-specific IMT measurements of common carotid, bifurcation, and internal carotid arteries, and composite IMT variables considering the whole carotid tree (IMT mean , IMT max , and IMT mean-max ), were analyzed. A replication stage investigating 42 single-nucleotide polymorphisms for association with common carotid IMT was undertaken in 5 independent European cohorts (total n=11 590). A locus on chromosome 16 (lead single-nucleotide polymorphism rs4888378, intronic in CFDP1) was associated with cIMT at significance levels passing multiple testing correction at both stages (array-wide significant discovery P=6.75×10 −7 for IMT max ; replication P=7.24×10 −6 for common cIMT; adjustments for sex, age, and population substructure where applicable; minor allele frequency 0.43 and 0.41, respectively). The protective minor allele was associated with lower carotid plaque score in a replication cohort (P=0.04, n=2120) and lower coronary artery disease risk in 2 case-control studies of subjects with European ancestry (odds ratio [95% confidence interval] 0.83 [0.77-0.90], P=6.53×10 −6 , n=13 591; and 0.95 [0.92-0.98], P=1.83×10 −4 , n=82 297, respectively). Queries of human biobank data sets revealed associations of rs4888378 with nearby gene expression in vascular tissues (n=126-138). Conclusions-This study identified rs4888378 in the BCAR1-CFDP1-TMEM170A locus as a novel genetic determinant of cIMT and coronary artery disease risk in individuals of European descent. (Circ Cardiovasc Genet. 2012;5:656-665.)
C arotid intima-media thickness (cIMT), as determined by high-resolution ultrasound techniques, is a wellestablished marker of subclinical atherosclerosis and is widely used in epidemiological studies and interventional trials. 1, 2 It has been proposed as a surrogate marker for coronary atherosclerosis and has been shown to predict incident coronary and cerebrovascular events. [3] [4] [5] Accordingly, cIMT constitutes an attractive quantitative intermediate disease phenotype for the study of atherosclerosis-related cardiovascular disease. Genetic association studies of cIMT, conducted in individuals free of manifest disease, may identify susceptibility genes and pathways involved in the initiation and early phases of disease, which may be less readily discernible in studies of late-stage and clinically manifest disease such as myocardial infarction (MI) and stroke. Nevertheless, large-scale studies of genetic determinants of cIMT remain sparse.
Clinical Perspective on p 665
To date, 1 meta-analysis of single-nucleotide polymorphism (SNP)-based genome-wide association (GWA) studies of cIMT has been reported, which identified 3 regions (on chromosomes 8q23.1, 8q24, and 19q13) as being associated with common carotid IMT (CC-IMT). 6 In contrast, candidate gene studies of cIMT have provided inconsistent results, 7 and 2 genome-wide linkage scans only found regions with suggestive linkage to cIMT. 8, 9 In the present study, we performed a discovery genetic association analysis of cIMT in 3430 participants of the Pan-European population-based IMPROVE study 10 using a custom genotyping array (the Illumina CardioMetabochip, also referred to as the Metabochip). The CardioMetabochip interrogates ≈200 000 SNPs located in regions identified by previous GWA studies of metabolic and cardiovascular traits and diseases. In the second stage, we conducted replication studies in 11 590 participants from 5 independent population-based cohorts. One robustly associated cIMT locus was subsequently tested in silico for association with coronary artery disease (CAD) risk in 2 large independent GWA studies of CAD and with mRNA expression of nearby genes in vascular tissues collected in 2 biobank programmes.
Methods

Cohorts and Study Design
The first stage consisted of genetic association analysis of cIMT measurements in the IMPROVE study (n=3430). 10 SNPs that passed an a priori threshold for statistical association (P<1×10 −4 or P<1×10 −5 depending on cIMT phenotype) were then taken forward for replication in the Whitehall-II study (n=2138), 11, 12 the Edinburgh Artery Study (n=630), 13 the Rotterdam-I and Rotterdam-II studies (RS-I and RS-II, n=4699 and n=1980, respectively), 14, 15 and the cardiovascular arm of the Malmö Diet and Cancer (MDC, n=2141) study, 16, 17 with subsequent evaluation of results by meta-analysis. Detailed descriptions of the discovery and replication cohorts are given in online-only Data Supplement Section S1 and Table SI. A locus that reached significance levels passing correction for multiple testing at both the discovery and replication stages was further tested for association with carotid plaque score in the MDC study, with coronary artery calcium (CAC) score in the RS-I and RS-II studies, and for association with CAD risk in PROCARDIS, 18 a large European CAD case-control study to which additional controls were added from the Wellcome Trust Case-Control Consortium, in total 5710 cases and 7881 controls, and in CARDIOGRAM, 19 a large CAD case-control GWA study meta-analysis consortium comprising 22 233 CAD cases and 64 762 controls of European descent. In addition to replication in independent cohorts, complementary internal validation by bootstrap analyses was undertaken in IMPROVE to corroborate findings from the discovery stage in relation to IMT phenotypes which were not available in the replication cohorts. The replicated cIMT locus was also tested for association with mRNA expression of nearby genes in vascular tissues collected in the Advanced Study of Aortic Pathology and the Biobank of Karolinska Endarterectomies studies 20 to explore potential mechanisms underlying the observed cIMT and CAD associations.
Genotyping and Quality Control
A description of the genotyping technologies used for the discovery and replication cohorts along with quality control criteria is provided in online-only Data Supplement Section S2 and Table SI . Genotyping in IMPROVE, Whitehall-II, Edinburgh Artery Study, and MDC was performed using the Illumina 200K CardioMetabochip, whereas the RS-I and RS-II studies were genotyped using the Ilumina HumanHap550 array and imputed to the 1000 Genomes CEU Caucasian reference panel. 19 The CardioMetabochip is a custom Illumina iSelect genotyping array that captures DNA variation at regions identified by meta-analyses of GWA studies for diseases and traits relevant to metabolic and atherosclerotic/cardiovascular end points, comprising ≈200 000 SNPs. In IMPROVE, individuallevel exclusion criteria were call rates <0.95, results of identity by state estimations (eg, unverified cryptic relatedness), verified relatedness, estimated inbreeding (excessive homozygosity), discrepancy between recorded and genotype-determined sex, outliers in multidimensional scaling (MDS) analysis (online-only Data Supplement Section 2 and Figure SI) , and self-reported non-Caucasian ethnicity. Exclusion criteria for SNPs were genotype call rates <0.90, deviation from Hardy-Weinberg equilibrium (P<5×10 −7 ), and minor allele frequency (MAF) <0.005. After quality control procedures, 3430 individuals and 127 830 autosomal SNPs were included in the discovery association analysis in IMPROVE.
Ultrasonographic Measurements
The carotid ultrasound protocol applied in IMPROVE and the precision of the ultrasonographic measurements have been reported. 10 In brief, measurements were made of the mean and maximum IMT of the common carotid at the first cm proximal to the bifurcation (CC-1 st cm-IMT mean and CC-1 st cm-IMT max ) and in a segment excluding the first cm proximal to the bifurcation (CC-IMT mean and CC-IMT max ), of the bifurcation (Bif-IMT mean and Bif-IMT max ), and of the internal carotid arteries (ICA-IMT mean and ICA-IMT max ). Composite IMT variables considering the whole carotid tree were derived from the segment-specific measurements: IMT mean , IMT max , and IMT mean-max (the average of IMT maxima recorded at the different segments). 10 Measures of CC-IMT were available in all replication cohorts. In addition, Bif-IMT max was measured, and a 6-level carotid plaque score was generated in the MDC cohort (online-only Data Supplement Section S1 and Table SI ).
Statistical Analyses of the Discovery and Replication Cohorts
All cIMT variables were logarithmically transformed before statistical analysis because of skewed distributions. Association analysis was performed using linear regression, adjusting for age and sex, under the assumption of additive genetic effects using PLINK version 1.07. 21 For IMPROVE, the first 3 MDS dimensions (based on CardioMetabochip genotype data) were used to adjust for identified population substructure (Section S2 and Figure SI in the online-only Data Supplement). The a priori threshold for array-wide statistical significance was established as P<8.39×10 −7 through estimation of the total number of uncorrelated SNPs on the CardioMetabochip (online-only Data Supplement Section S3). Selection of index SNPs for replication from candidate SNPs that obtained an a priori level for statistical association in the discovery analysis (set to P<10 −4 for segment-specific IMT measurements and P<10 −5 for composite IMT December 2012 variables) was performed by the PLINK clump procedure. A linkage disequilibrium threshold of r 2 >0.8 within a physical distance of 500 kilobases (kb) was used in the clump procedure.
Power calculations for the replication studies indicated that it would be justifiable to take up to 50 uncorrelated SNPs forward to replication (online-only Data Supplement Section S4).
The replication stage comprised 2 approaches. The first approach involved meta-analysis of the replication cohorts, both separately from and jointly with IMPROVE, using a fixed-effect model with inverse variance weighting as applied in Metal (version 25 March 2011). 22 Pooled regression coefficients with corresponding 95% confidence intervals and probability values were calculated. Two IMT phenotypes were studied in the replication stage. Primarily, 39 SNPs associated with CC-IMT variables (CC-1 st cm-IMT mean , CC-1 st cm-IMT max , CC-IMT mean , and CC-IMT max ) and 3 SNPs associated with composite IMT variables (IMT mean , IMT max , and IMT mean-max ) in IMPROVE were examined in relation to CC-IMT in the Whitehall-II, Edinburgh Artery Study, MDC, RS-I, and RS-II cohorts (total n=11 590). Additionally, 26 SNPs associated with Bif-IMT in IMPROVE were investigated in relation to Bif-IMT in the MDC cohort (n=1690).
Given that the composite IMT measures were unique to IMPROVE and thereby not assessable by conventional replication in independent cohorts, we applied nonparametric bootstrap resampling to perform internal validation. 23 In brief, this method uses a weighted average over bootstrap replicates of the difference between the effect size estimated from the observations in the bootstrap sample and the one estimated from the observations not in the bootstrap sample to estimate the overestimation of the effect sizes of the most significant SNPs (online-only Data Supplement Section S5).
Secondary Analyses
Regional plots of associations from the original discovery analysis and adjusted analysis where the lead SNP was included as a covariate in the regression model were generated using LocusZoom (http://csg. sph.umich.edu/locuszoom/). Secondary analyses to assess potential pleiotropy and possible confounders were performed by investigating genotype associations with biochemical and clinical parameters (including 13 variables reflecting established cardiovascular risk factors: waist circumference, systolic and diastolic blood pressure, pulse pressure, hypertension, low-density lipoprotein-cholesterol, highdensity lipoprotein-cholesterol, triglycerides, blood glucose, diabetes mellitus, C-reactive protein, statin treatment, and cumulative life-time smoking expressed as a 5-level categorical variable according to neversmoker status and quartiles of pack-years), and by further adjustments of the original model (adjusted for sex, age, and MDS) using PASW Statistics version 18.
CAD Case-Control Studies
To determine whether a locus robustly associated with cIMT is also implicated in the pathogenesis of clinically manifested CAD, we explored the lead SNP identified at the level of array-wide statistical significance in relation to cIMT (rs4888378) for associations with CAD in the PROCARDIS and CARDIOGRAM case-control studies. 18, 19 Design features and details of genotyping, quality control, and statistical analyses are provided in online-only Data Supplement Sections S1 and S6.
Association With CAC Score
Associations of the lead SNP with CAC score measured by a C-150 Imatron scanner in RS-I 24 and a 16-or 64-slice multi-detector computed tomography scanner in RS-II 25 were evaluated by fixed-effect model meta-analysis with inverse variance weighting using Metal. 22
Expression Quantitative Trait Locus Studies
In silico analyses of genotype-gene expression-level associations were conducted in the Advanced Study of Aortic Pathology and Biobank of Karolinska Endarterectomies data sets. Details of design features and methods for the Advanced Study of Aortic Pathology and Biobank of Karolinska Endarterectomies have been reported. 20 In the Advanced Study of Aortic Pathology, mRNA extracted from biopsies of ascending thoracic aorta intima-media (n=138), aortic adventitia (n=133), mammary artery (n=89), heart (n=127), and liver (n=211) from patients undergoing aortic valve surgery 20 was analyzed with Affymetrix ST 1.0 Exon arrays. In the Biobank of Karolinska Endarterectomies study, RNA extracted from human plaque tissue (n=126) and peripheral blood mononuclear cells (n=96) obtained from patients referred for surgical treatment of severe carotid artery stenosis was analyzed with Affymetrix HG-U133 plus 2.0 Genechip arrays. 20 Robust Multichip Average normalization was performed as implemented in the Affymetrix Power Tools 1.10.2 package apt-probeset-summarize, and processed gene expression data were returned in a log 2 -scale. 20 For both studies, blood-derived DNA had been genotyped with Illumina 610w-Quad BeadArrays. Genotype-gene expression associations were investigated using an additive model. 20
Results
Discovery Analysis
A total of 3430 subjects (54-79 years of age, 48% males) from the IMPROVE study were included in the discovery analysis. Basic characteristics of IMPROVE study participants are shown in online-only Data Supplement Table SI . Because MDS analysis revealed significant population substructure in IMPROVE (online-only Data Supplement Figure SI (Figure 1 ). Rs4888378 is located in the last 3′ intron of the CFDP1 gene (encoding cranio-facial development protein-1). A Q-Q plot of observed versus expected probability values from the analysis of IMT max is presented as an insert in Figure 1 . The genomic inflation factor (λ) in the analysis of IMT max was 1.05, indicating an adequate correction of population substructure by the MDS adjustment.
SNPs associated with any of the 4 CC-IMT measures at P<1×10 −4 (a set of 46 SNPs) or any composite IMT measure at P<1×10 −5 (a set of 4 SNPs) were considered as candidates for replication with respect to CC-IMT in independent cohorts (ie, 50 SNPs). From these, index SNPs were selected using the PLINK clump procedure, performed once for each set of candidate SNPs, resulting in 39 index SNPs selected among the 46 SNPs that were associated with CC-IMT measures at P<1×10 −4 (designated CC-IMT SNPs, online-only Data Supplement Table SII) , and 3 index SNPs selected among the 4 SNPs that were associated with composite IMT measures at P<1×10 −5 (Table 1) (designated composite IMT SNPs). Similarly, 26 index SNPs associated with either of the 2 Bif-IMT measures (designated Bif-IMT SNPs) were generated from 52 candidate SNPs associated at P<1×10 −4 (not shown). For SNPs that passed the initial significance criteria for >1 cIMT variable of the same category (CC-IMT, Bif-IMT, or composite IMT, respectively), the most significant association was considered for the clump procedure.
Replication and Internal Validation
A replication stage investigating associations with CC-IMT of the identified 39 CC-IMT SNPs and 3 composite IMT SNPs was undertaken in 5 independent population-based cohorts from Sweden, the United Kingdom, and the Netherlands (total n=11 590). Basic characteristics of participants in the replication cohorts are shown in online-only Data Supplement Table  SI . In the replication meta-analysis of the CC-IMT SNPs, no SNP was significantly associated with CC-IMT (Bonferroni correction for 42 independent tests P<0.0012; lowest observed P=0.007; Table SII in the online-only Data Supplement). In contrast, the association of the composite IMT SNP rs4888378 with CC-IMT (P=7.24×10 −6 ; Table 1 ) passed Bonferroni correction in meta-analysis of the replication cohorts (ie, P<0.0012). This index SNP also achieved array-wide significance in combined meta-analysis of IMPROVE and replication cohorts (P=3.51×10 −7 ) . The associations of rs4888378 with CC-IMT in all individual cohorts and in the meta-analyses are illustrated in Figure 2 . The 2 other composite IMT SNPs that were selected at the P<1×10 −5 level reached nominal significance in the replication cohorts ( Table 1) . None of the Bif-IMT index SNPs was significantly associated with Bif-IMT in the MDC cohort after Bonferroni correction for 26 independent tests (all P>0.0019). The internal validation of the 3 composite IMT SNPs by nonparametric double bootstrap confirmed significant associations with composite IMT (bootstrap β with 98.33% confidence intervals to account for analysis of 3 independent SNPs: −0.0094 [−0.0200, −0.0034] for rs4888378, −0.0083 [−0.0166, −0.0035] for rs1001861, and 0.0056 [0.0018, 0.0131] for rs200991; online-only Data Supplement Figure SIII ).
Secondary Analyses in the Discovery Cohort
The replicated lead SNP rs4888378 in the chromosome 16 locus was evaluated in greater detail in the IMPROVE cohort. Regional association plots for IMT max (Figure 3) indicated the presence of only 1 association signal (rs4888378 in the IMPROVE cohort), centered over the 3′ end of the CFDP1 gene. Potential pleiotropy and possible confounders were assessed by investigating associations of rs4888378 with biochemical and clinical parameters. To the best of our knowledge, rs4888378 was included on the CardioMetabochip because of previous associations with systolic blood pressure. However, in IMPROVE, this association was not confirmed (P=0.12). Cumulative life-time smoking (pack-year categories) was found to differ between genotype groups (Kruskal-Wallis P=0.0067). Adjustment for pack-year categories, in addition to age, sex, the first 3 MDS dimensions, and 12 additional variables reflecting established cardiovascular risk factors (see Methods), did not have a major impact on the original cIMT association of rs4888378 (P=2.7×10 −6 for IMT Max ), indicating that this association signal is not mediated by established cardiovascular risk factors. Investigation of rs4888378 in relation to segmentspecific IMT measurements in IMPROVE showed that rs4888378 was most strongly associated with Bif-IMT (P=1.13×10 −5 for Bif-IMT max ), whereas the weakest association was seen with CC-IMT (probability values for the 4 CC-IMT variables ranging from 0.010-0.038), the ICA-IMT association being intermediate (online-only Data Supplement Table SIII ).
Association With Other Cardiovascular Phenotypes
The lead SNP rs4888378 in the chromosome 16 locus was further investigated for associations with carotid plaque score in the MDC study, with CAC score in the Rotterdam studies, and with CAD risk in PROCARDIS and CARDIO-GRAM. Because the association of rs4888378 with CC-IMT was consistent across the investigated cohorts (Table 1 and Figure 2 ), no significant between-cohort heterogeneity was expected with respect to associations with other related cardiovascular phenotypes. Accordingly, fixed-effects (rather than random-effects) models were considered appropriate for meta-analyses of the CAC score in the Rotterdam studies and of CAD in CARDIOGRAM. The minor A allele of rs4888378 (which was associated with thinner IMT) was weakly associated with a lower carotid plaque score (β [SE]=−0.046 [0.023], P=0.04, n=2120) in the MDC study and showed a tendency toward lower CAC score in meta-analysis of RS (Figure 4 ).
Association With Expression in Target Tissues
Global gene expression data from 7 different tissues (aortic intima-media, aortic adventitia, mammary artery intimamedia, heart, liver, peripheral blood mononuclear cells, and carotid plaque) were used to link individual genes to the cIMT-associated locus discovered in this study. We investigated associations between genotype and expression levels of all genes located within ±200 kb of the lead SNP rs4888378. Nine genes were contained within this region, 8 of which were captured by the microarray analysis (online-only Data Supplement Figure SIV) . The most significant allele-specific difference in gene expression level according to rs4888378 genotype was observed for TMEM170A (transmembrane protein 170a) (in aortic intima-media, P=0.000569, n=138, and adventitia, P=0.000576, n=133, respectively; Figure 5 ). Two more genes were differentially expressed at nominally significant levels, BCAR1 (breast cancer antiestrogen resistance-1) in carotid plaque, P=0.00749, n=126, and LDHD (lactate dehydrogenase D) in aortic intima-media and adventitia, P=0.0459, n=138, and P=0.00836, n=133, respectively ( Figure 5 ). However, strictly considering multiple testing of 8 genes in 7 different tissues, a probability value of <0.00089 Discovery and replication meta-analysis probability values and β coefficients for the effect allele (minor allele in the discovery cohort) are shown after adjustments for sex, age, and population substructure when applicable (multidimensional scaling in the IMPROVE discovery cohort only). Observations are sorted according to discovery probability value.
SNP indicates single-nucleotide polymorphism; Chr, chromosome; and Freq, frequency. Between-cohort heterogeneity is described by I 2 in percent and Q test probability values. Chromosome positions are given according to NCBI Build 36.
should be held statistically significant; this threshold was reached only for TMEM170A. No significant genotype association was observed with expression levels of CFDP1 (lowest observed P=0.0693, n=133, for aortic adventitia) (online-only Data Supplement Figure SIV ).
Discussion
In this study, we investigated genetic determinants of cIMT, a widely accepted marker of subclinical atherosclerosis, applying a 2-stage discovery and replication study design involving >15 000 subjects. We identified a novel locus on chromosome 16 (lead SNP rs4888378), the minor allele of which was associated with thinner cIMT and decreased risk of CAD in subjects of European ancestry. The association with CAD was stronger in PROCARDIS than in CARDIOGRAM, which may reflect the fact that PROCARDIS recruited cases from CAD-enriched families, thereby potentially enhancing the impact of genetic risk factors. We also identified allele-specific differences in the expression of nearby genes in vascular tissues according to rs4888378 genotype. Thus, investigation of genetic determinants of cIMT resulted in the discovery of a novel CAD risk locus and novel candidate CAD susceptibility genes that merit further investigation.
A recent meta-analysis of SNP-based GWA studies of cIMT conducted by the CHARGE consortium discovered 3 regions associated with CC-IMT. 6 In IMPROVE, the lead SNPs for the 3 IMT-associated loci identified by CHARGE were associated with cIMT, although at significance levels that did not qualify for inclusion in the replication stage of our study (investigated directly or by proxy; data not shown). The fact that our lead SNP rs4888378 was not identified by the CHARGE consortium may reflect differences in study design and IMT phenotyping. Specifically, rs4888378 was selected for replication in our study based on its association with composite IMT, and among individual segments, rs4888378 proved to be the most strongly associated with Bif-IMT; neither of these IMT phenotypes were analyzed by the CHARGE consortium.
It is noteworthy that established CAD loci 19, 26, 27 neither appeared as major determinants of cIMT in the current study nor in the study reported by the CHARGE consortium. 6 Thus, it appears that the impact of these loci that confer risk of clinically manifest CAD may not be as strong in early subclinical atherosclerosis.
Our results suggest that the observed associations may be because of an influence of rs4888378, or linked variants, on the expression of nearby gene(s) in the arterial wall. The expression of CFDP1, the gene harbouring rs4888378 in its last 3′ intron, showed no allele-specific association with rs4888378. The biological role of TMEM170A, the expression of which showed the strongest association with rs4888378, is currently unknown. In silico sequence analysis predicts that the TMEM170A protein consists of an extracellular N-terminal part, 3 transmembrane helices, and a short cytoplasmic C-terminal tail (MEMSAT-SVM; http://bioinf. cs.ucl.ac.uk). In contrast to TMEM170A, BCAR1 (also known as p130CAS) has been extensively studied and ascribed important roles in processes such as cellular adhesion, migration, and proliferation/survival, eg, in vascular smooth muscle cells, 28, 29 and thus has a biologically plausible role in atherogenesis. In silico analysis of the genomic sequence surrounding rs4888378 predicts that rs4888378 may influence the binding of transcription factors (YY1 and NF-1; TESS software, http://www.cbil.upenn.edu/cgi-bin/tess/tess). YY1 is expressed in human carotid atherosclerotic lesions and has experimentally been ascribed roles in vascular smooth muscle cell injury responses and neointima formation. 30, 31 Accordingly, it is tempting to speculate that 1 mechanism underlying the association between rs4888378 and cIMT and CAD risk would be the influence of rs4888378 on YY1regulated transcription of BCAR1 in vascular smooth muscle cells, with downstream effects on vascular smooth muscle cell function. The BCAR1 locus is further indicated by the discovery stage composite IMT index SNP rs100861, which maps closely to the BCAR1 gene. Interestingly, another intronic SNP in the CFDP1 locus has been associated with markers of chronic obstructive pulmonary disease. 32 This SNP (rs2865531) is in strong linkage disequilibrium with rs4888378 (r 2 =0.967 in the HapMap CEU reference panel; not present on the CardioMetabochip). The BCAR1-CFDP1-TMEM170A locus is thus implicated in both atherosclerotic cardiovascular disease and chronic obstructive pulmonary disease, 2 pathologies which both that have strong inflammatory components and involve tissue remodeling, including dysregulation of smooth muscle cell phenotype and function, and that exhibit pronounced comorbidity. 33 Figure 5 . Associations of rs4888378 with nearby gene expression in human target tissues. Robust Multichip Average (RMA)normalized expression levels of TMEM170A and LDHD in aortic intima-media and adventitia and BCAR1 in carotid plaque according to rs4888378 genotype are shown. Additive model probability values are given. A major strength of the current study is the extensive and thoroughly standardized ultrasound examination performed in the discovery cohort (IMPROVE). The fact that SNPs selected for replication based on their association with composite IMT variables performed better at the replication stage than those selected based on their associations with CC-IMT suggests that these composite variables are of particular value. However, some limitations of the present study should also be considered. Differences in ultrasonographic protocols exist among the participating cohorts. For example, CC-IMT was not measured in exactly the same way in all cohorts. Furthermore, recruitment protocols differed between studies. Although the IMPROVE study recruited high-risk individuals (with at least 3 established vascular risk factors), the Whitehall-II study recruited healthy subjects, and the MDC, Edinburgh Artery Study, and Rotterdam studies enrolled population-based subjects. These among-cohort differences may have obscured associations that remain undetected in the present study.
Conclusions
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